This paper theoretically investigates pricing and ordering decisions in a supply chain system comprised of a dominant retailer, a manufacturer, and a third-party logistics (3PL) provider. The paper introduces the logistics service level as an additional variable and obtains the equilibrium pricing and ordering decisions of the supply chain members by applying game theory. Our analysis focuses on the effects of three sensitivity coefficients, i.e., the retailer's order quantity to the manufacturer's wholesale price, the 3PL's logistics service price, and the logistics service level on equilibrium decisions. In addition, we explore the effect of the logistics investment cost and the market risk on equilibrium decisions. Finally, we present a numerical illustration to validate our theoretical results and explore their effects on channel performance.
Introduction
In order to focus resources and capital on their core business, many companies outsource their noncore business, such as transportation, warehousing, freight consolidation and distribution, as well as labeling and packaging to a third party logistics service provider (3PL) [1, 2] . The 3PL can reduce companies' logistics costs, help companies improve customer satisfaction, thereby increasing the market demand for their products, and finally increase their sales revenue [3] . Many research articles have shown that improvements in the logistics service level can increase customer satisfaction and order quantity [4, 5] . Today, the retail industry is increasingly dominated by large, centrally managed "power retailers" [6] . Many large retail companies, such as Gome (China), Suning (China), Wal-Mart (USA), and Carrefour (France), begin to gradually control sales channels in the supply chain. In the supply chain, the term "dominant" refers to a member who has the power to control or influence another member's decisions [7] . Many such dominant retailers outsource their logistics service to the 3PL. For example, Wal-Mart in the US outsources its logistics to a professional 3PL company in China named Li & Fung of Hong Kong. Gome, a retailer that sells a variety of electronics products in China, outsources the cell phone's logistics service to DTW Logistics, which results in a 20% decrease in cost [8] . The 3PL's logistics service level directly affects the retailer's order quantity and affects its profits. Therefore, the three-echelon supply chain composed of one manufacturer, one 3PL, and one retailer is ubiquitous. Research on the logistics service level demonstrates that the order quantity in a three-echelon supply chain has theoretical and practical significance and can provide a basis for the decision-making of the retail business.
Based on the important application of the supply chain with dominant retailers in modern society, this paper studies the three-level supply chain system consisting of a dominant retailer, a manufacturer, and a third-party logistics (3PL) provider. This paper, taking the logistics service level as an additional variable, aims to analyze its effect on ordering and pricing decisions for supply chain members based on logistics service outsourcing. We wish to provide answers for the following questions:
(1) How can one determine the optimal ordering and/or pricing decisions for supply chain members in the 2 Complexity presence of a dominant retailer and logistics service outsourcing?
(2) How does the logistics service level affect the equilibrium pricing and ordering decisions for the supply chain members?
(3) How do other factors, such as the logistics investment cost and market risk, affect the equilibrium pricing and ordering decisions for the supply chain members?
The remainder of this paper is organized as follows. In Section 2, we briefly present the related theoretical and behavioral literature review. We provide details of our model and state our assumptions in Section 3. Section 4 provides an analysis of the basic model, including an optimal pricing and service level decisions model for the 3PL in Section 4.1, an optimal pricing decisions for the manufacturer model in Section 4.2, an optimal ordering decision model for the retailer in Section 4.3, and an equilibrium model for pricing and ordering decisions of the supply chain members in Section 4.4. In Section 5, we present numerical examples to provide some managerial insights. Finally, we conclude this paper with a discussion and some managerial insights in Section 6.
Literature Review
Our study is closely related to the extant research stream on quantitative ordering and pricing decision models that considers logistics outsourcing by supply chain members and supply chain decisions with a dominant retailer. The literature is briefly reviewed below.
With the rapid development of the logistics industry, research on supply chain optimization for quantitative ordering and pricing decisions under logistics outsourcing has received wide attention. Some scholars have introduced 3PL into a supply chain composed of a retailer and a manufacturer and studied the resulting ordering and pricing decisions. For example, Lei et al. investigate supplier-buyer channel coordination policies involving a 3PL provider with concave cost functions and analyze the impact of coordination policies on supply chain profitability [9] . Similarly, Woo et al. study the ordering decision in a three-echelon supply chain under logistics outsourcing [10] . Li et al. examine optimization decisions in a supply chain system with one 3PL, one supplier, and one retailer and analyze the effect of double marginalization on pricing policies [11, 12] . The supply chain structure is also used in this paper, but the studies mentioned above do not consider a dominant retailer and the impact of the logistics service level. Other scholars have also studied decisions under situations of capital constraints or competitive environment involving a 3PL, which can lead to future research based on this paper. For example, Chen and Xie explore the supply chain decisions with a 3PL and analyze the integration value of 3PL's logistics and financial functions [13] . Chen and Cai investigate an extended supply chain model with a supplier, a budget-constrained retailer, a bank, and a 3PL provider, in which the retailer has an insufficient initial budget and may borrow or obtain trade credit from either a bank (traditional role) or a 3PL provider (control role) [14] . Jiang et al. investigate decisions and coordination policies in a supply chain-wide system consisting of a manufacturer, a third-party logistics (3PL) provider, and two competing retailers [15] . Importantly, the research above does not consider the impact of the logistics service level on supply chain decisions. Among the research that considers the impact of the logistics service level, Lim studies how to design a contract to motivate the 3PL business to tell the truth, when the 3PL's logistics service quality and cost are private information [16] . Wu et al. study an outsourced logistics channel where a distributor procures a quantity of a fresh produce and outsources his logistics operations to a 3PL [17] . The studies above are based on a two-echelon supply chain established by the 3PL and the outsourcing company. In the three-echelon supply chain involving a 3PL, Cai et al. consider a producer's fresh produce supply through a 3PL to a distant market where a distributor purchases and sells it to the end consumers [18] . Jiang et al. investigate logistics costs shared in two kinds of supply chains, including a one manufacturer 3PL provider retailer supply chain and a two manufacturer 3PL provider retailer supply chain without considering the pricing decisions of products [8] . As valuable as the studies are, they do not address the possible presence of a dominant retailer.
The logistics service level is very important for the decision-making of supply chain members, and the dominant position of the supply chain members leads to different decisions. A significant amount of research has been done on retailer dominant supply chain decisions. In these studies, some demand functions are deterministic, such as references [6, [19] [20] [21] , while others are stochastic, such as references [7, [22] [23] [24] . Allowing for deterministic demand, Chen and Xiao study a supply chain model consisting of a manufacturer, a dominant retailer, and many smaller scale retailers that are not dominant, and investigate mechanism coordination under demand disruption [19] . Choi et al. investigate a closed-loop supply chain which consists of a retailer, a collector, and a manufacturer, and examine the performance of a different closed-loop supply chain under different channel leadership [20] . In a model that assumes stochastic demand, Hua and Li analyze two cooperative scenarios, in which the Nash bargaining model is utilized to implement profit sharing between the manufacturer and the dominant retailer [7] . Finally, Hu et al. study a supplier's optimal decision-making under a retailer's profit margin constraint and the effect of that constraint on supply chain coordination [23] . In practice, demands for most products are stochastic. This study is based on stochastic demand.
In conclusion, retailer dominance and the logistics service level are both important factors that affect the supply chain members' decision-making. The supply chain, comprised of the manufacturers, the retailers, and the 3PL, is widespread in practical business. Investigating the decisions of threeechelon supply chain members under the influence of a dominant retailer and the logistics service level has obvious practical significance. No research has investigated this problem until now. To the best of our knowledge, the only paper that combines and explores a 3PL in a supply chain under retailer dominance is Jiang et al. [15] . Our paper differs from their investigation in the following aspects: first, the market demand is stochastic in our study rather than deterministic in their paper. Second, our paper introduces the logistics service level into the retailer dominant supply chain and establishes a three-echelon supply chain model including one manufacturer, one 3PL, and one dominant retailer and analyzes its effect on the decisions of supply chain members. Third, our paper investigates the effects of the retailer's order quantity sensitivity to the manufacturer's wholesale price, the effects of the 3PL's logistics service price on the equilibrium behavior and performance, and the effects of the logistics investment cost and the market risk on the equilibrium behavior and performance.
Problem Description and Assumptions
3.1. Problem Description. Consider a three-echelon supply chain with one manufacturer, one 3PL, and one retailer with a dominant position in the channel who faces a stochastic demand market. Their relationship is shown in Figure 1 , where the manufacturer provides the product to the retailer and the retailer then sells it to the consumer. The manufacturer and the retailer outsource the product's logistics service, such as transportation and packaging, to a professional 3PL where the service level of the 3PL affects the product's ordering quantity. The retailer's dominant position affects the optimal decisions of other supply chain members [25] . Following the definition of retailer dominance [26, 27] , we assume that the retailer has the ability to influence the manufacturer's wholesale price and the 3PL's logistics service price and level by setting his/her potential maximum order quantity and announcing the sensitivity of his/her order quantity to the manufacturer's wholesale price. The manufacturer also influences the 3PL's logistics price and level. Therefore, suppose = 0 − − + , in which the parameter 0 is the retailer's maximum order quantity considering the retail-market conditions when he/she outsources the logistics service to the 3PL; the parameters > 0, > 0, and > 0 are the sensitivities of the retailer's order quantity to the manufacturer's wholesale price , the 3PL's logistics service price s, and level , respectively. The model suggests that when other conditions are held equal, if the manufacturer or the 3PL increases his/her price, then the retailer's ordering quantity will decrease. At the same time, if the 3PL improves his/her service level, then the retailer's ordering quantity will increase. This means that the dominant retailer can threaten other supply chain members (the 3PL and the manufacturer).
If any of the two supply chain members increases his/her price, it will reduce the retailer's ordering quantity, which will then cause the manufacturer's and the 3PL's profits to decline. However, any improvement in the 3PL's logistics service level will encourage the retailer to increase the ordering quantity, leading to an increase in the 3PL's profit.
Model Assumptions.
In this paper, we make the following assumptions:
(1)The retailer orders products in wholesale form, the residual value of the product that is not sold during the cycle is zero, and no return is allowed
(2) The 3PL, the manufacturer, and the retailer are all risk neutral
(3) All supply chain members have symmetric information; i.e., the manufacturer and the 3PL have complete information regarding the demand of the retailer, the retailer and the 3PL have complete information about the cost of the manufacturer, and the retailer and the manufacturer have complete information regarding the cost of the 3PL (4) The retail-market demand for the single-period product follows a uniform distribution [ 1 , 2 ](0 < 1 < 2 ), where ( ) and ( ) are the probability density function (PDF) and the cumulative distribution function (CDF) associated with , respectively, the finite mean and standard deviation are, respectively, , ( > 0, > 0), and we have 1 = − √ 3 , 2 = + √ 3 (5) The 3PL's transport capacity is unlimited (6) The retailer's shortage loss is not considered In addition, we define other symbols in this paper as follows:
is the unit product's logistics service cost borne by the 3PL is the unit production cost borne by the manufacturer is the unit selling cost borne by the retailer is the unit retail price at which the retailer sells to the consumer is the logistics investment cost the 3PL bears to improve the logistics service level Finally, we define the decision symbols in this paper as follows:
is the retailer's ordering quantity is the unit wholesale price the manufacture charges the retailer 4 Complexity is the logistics service price the 3PL charges the retailer is the logistics service level the 3PL provides
We assume that the residual value of products not sold is zero in a single-period, and we do not consider the retailer's shortage loss. Furthermore, we assume that the retailer's profit in one cycle is equal to its total revenue minus the sum of its ordering cost, logistics cost, and retail cost:
(1)
The equation above describes two situations: first, when the demand is less than or equal to the order quantity, i.e., ≤ , the products will be oversupplied, resulting in a backlog due to the short life cycle of the product. The value of the backlog of goods is zero, and at this time the retailer's profit in one cycle is equal to its total revenue of sold products (that is, the market demand) minus the sum of his/her purchase cost, logistics cost, and selling cost. When the demand is greater than the order quantity, i.e., > , the products' market demand exceeds the supply. All the ordered products are sold, and at this time the retailer's profit in one cycle is equal to its total revenue of sold products (that is, the ordered quantity) minus the sum of his/her purchase cost, logistics cost, and selling cost.
Therefore, the retailer's expected profit is
The manufacturer's profit is equal to the total revenue charged to the retailer minus the corresponding production cost, that is,
Similarly, the 3PL's profit in one cycle is equal to the total logistics revenue minus the sum of corresponding logistics and investment costs. Similar to Han et al. [28] , assuming the logistics investment cost coefficient is 2 when the logistics service level is , the 3PL's profit is
The supply chain members (the manufacturer, the 3PL, and the retailer) make their decisions by using a dynamic game to maximize their own profits. Here, the dynamic game means that, in the first stage, the retailer determines the product's maximum order quantity 0 and the sensitivity of the order quantity to the wholesale price and the logistics service price and level, to maximize his/her own profit. In the second stage of the game, the manufacturer offers the wholesale price charged to the retailer to maximize his/her own profit. In the last stage of the game, the 3PL determines his/her logistics service price charged to the retailer and the corresponding logistics service level to maximize his/her own profit. Therefore, the general optimization model can be described as
The Basic Model

Optimal Pricing and Service Level Decisions for the 3PL.
With the participation of the 3PL, the manufacturer and the retailer will transfer the product through the 3PL. The profit function of the 3PL is as shown in (4). Applying the first-order conditions to the resulting profit function in terms of the 3PL's logistics service price and the logistics service level , we obtain the following derivatives:
By solving the equations { / = 0; / = 0}, we obtain the functions of the 3PL's logistics service price and the logistics service level , respectively, as
Substituting (7) and (8) into (4) and simplifying, (4) can be written as
To guarantee that the results above have practical significance, the equation should be positive, i.e., > 0; hence 4 − 2 > 0, i.e., > 2 /4 . Otherwise, the lower investment cost will cause the 3PL to reduce the logistics service level to maximize his/her profit, which will result in a loss for the 3PL, and thus the 3PL will exit the market. If > 2 /4 , the Hessian matrix [
−2 ] will be negative; therefore (7) and (8) are optimal functions of the 3PL's logistics service price and service level.
Similarly, to ensure that the logistics service price and logistics service level have practical significance, they should both be positive. Therefore, 0 − − > 0. Eqs. (7) and (8) indicate that the lower logistics investment costs can improve the logistics service level , leading to the higher logistics service price and logistics service level . Additionally, given that / = 0, we can derive * = ( /2 ) * − /2 . Therefore, we suggest the following propositions. Proposition 1. The higher the logistics service level, the higher the logistics service price. The relationship between the logistics investment cost and the logistics service level should satisfy > 2 /4 . Otherwise, the logistics investment cost is too low, which will make the 3PL decrease the logistics service level and result in a loss.
Proposition 1 demonstrates that to obtain a higher logistics service level, the retailer needs to pay a higher logistics price. This is because any improvement in the logistics service requires the 3PL to make a certain investment. Therefore, if the 3PL improves the logistics level, the cost of the logistics service increases, and the 3PL can only compensate the increasing logistics cost by increasing his/her logistics price. Moreover, the equation = 0 − − + indicates that the retailer's ordered quantity is increasing in the logistics service level but decreasing in the logistics price. Proposition 1 shows that the higher the logistics service level, the higher the logistics service price. Therefore, the retailer needs to balance the value of the logistics service price and the logistics service level to determine the optimal order quantity to maximize his/her own profit. The logistics investment cost to improve the logistics service level should satisfy > 2 /4 . Otherwise, the logistics investment cost is too low, and the 3PL will decrease the logistics service level, which results in a loss. From another point of view, the inequality > 2 /4 is equivalent to > 2 /4 . The sensitivity coefficient of the order quantity to the 3PL's logistics service price should be more than a certain ratio of the sensitivity coefficient of the ordering quantity to the 3PL's logistics service level.
Optimal Pricing
Decisions for the Manufacturer. The profit function of the manufacturer is as shown in (3). Substituting (7) and (8) into (3) and applying the first-order and second-order conditions to the profit function in terms of the wholesale price , we obtain the following derivatives:
Since > 2 /4 , 2 / 2 < 0, it meets the optimality conditions. Therefore, we derive the optimal wholesale price of the manufacturer as * = ( 0 − ) + 2 (11)
Optimal Ordering
Decisions for the Retailer. The profit function of the retailer is shown in (2) . Substituting (7), (8), and (11) into (2) and applying the first-order and secondorder conditions to the profit function in terms of the maximum order quantity 0 , we obtain the following derivatives:
Because 2 / 0 2 < 0, it meets the optimality conditions. Therefore, solving / 0 = 0, we can derive the maximum order quantity of the retailer as * 0
Equilibrium Pricing and Ordering Decisions for the Supply
Chain Members. In the three-echelon supply chain game, the retailer first chooses the maximum order quantity according to (13) , and then the manufacturer determines the optimal wholesale price * based on * 0 . Next, the 3PL decides the optimal logistics service price * and logistics service level * according to the decisions * 0 and * . At last, the retailer determines the optimal order quantity * based on * 0 , * , * , and * .
Firstly, by substituting (13) into (11) and simplifying the equation, the manufacturer's optimal wholesale price can be expressed as *
6 Complexity Then, by substituting (13) and (14) into (7) and (8), the 3PL's optimal service price and level can be derived as * = + ( √ 3 + 3 ( − 2 ( + + )) )
At last, by substituting (13), (14), (15) , and (16) into = 0 − − + , the retailer's optimal order quantity can be derived as * = ( √ 3 + 3 ( − 2 ( + + )) )
To guarantee that the results above have practical significance, each variable should be positive. For (14) to (17) and > 2 /4 , 4 − 2 > 0, if the optimal order quantity * > 0, then the maximum order quantity 0 * , the optimal wholesale price * , the optimal logistics service price * , and the optimal logistics service level * would be positive. This is because when the order quantity is positive, the maximum order quantity is greater than the optimal order quantity. Under this situation, the manufacturers and the 3PL will obtain a profit, and their pricing will be meaningful. Here, the 3PL's logistics service level is also positive. To guarantee that the order quantity * > 0, it needs to meet the following inequality condition:
where each variable is positive. Thus, when > 2( + + ), (18) always holds. This means that when the product sales price is two times higher than the total cost of the system, the retailer is profitable, and he/she will buy the products.
When < 2( + + ), to guarantee that the retailer's ordered quantity is positive, the following inequality should be satisfied: / > √ 3(2( + + ) − )/ . This shows that when the profit of the retailer is low, to guarantee that the order quantity is positive, the average product demand of the market must be several times greater than the market fluctuation, as shown by > ( √ 3(2( + + ) − )/ ) . In doing so, the retailer will buy the products.
Furthermore, by analyzing the effect of , , , , and on the supply chain equilibrium decisions, we make the following proposition.
Proposition 2.
With an increase in , the logistics service price and level of the 3PL, the order quantity of the retailer decreases while the wholesale price of the manufacturer and the maximum order quantity of the retailer increase. Therefore, government subsidies for improving the logistics service can effectively increase the 3PL's enthusiasm and increase the logistics service price and level.
Proof. Based on inequality (18) , we can get the following derivatives:
Proposition 2 shows that if is higher, i.e., higher investment is needed to improve unit logistics service level, then the 3PL will reduce the logistics service level to improve its own profits, and the logistics service price will decrease. Although the reduction of the logistics service level will reduce the retailer's maximum order quantity, the reduction in the logistic cost will increase it. Their combined effect increases the retailer's maximum order quantity, which gives the manufacturer a chance to increase the price. Therefore, the manufacturer will increase his/her wholesale prices. The increase in the optimal order quantity and the decrease in the logistics service price lead to an increase in the maximum order quantity; however, the increase of the wholesale price and the reduction of the logistics level decrease the maximum order quantity, and the decrease exceeds the increase. Therefore, the final order quantity of the retailer is also reduced. At the same time, if the government increases its investment subsidy to improve the logistics service, it will share the cost of the 3PL to improve the logistics service. At this point, the 3PL's investments cost at improving the logistics service will reduce, and the 3PL will more actively improve the logistics service level to increase its service price, which will also increase the retailer's order quantity. The increase in the order quantity will reduce the wholesale price, which is also beneficial to the 3PL and the retailers. For the 3PL, if the logistics service level is increased, the order quantity of the retailer will increase and the wholesale price of the manufacturer will reduce.
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However, the increase in the order quantity can make up for the reduction in wholesale prices, which is favorable for the supply chain participants. Therefore, it can improve the enthusiasm of the enterprises and promote the development of the social economy.
Proposition 3.
With an increase in , the logistics service price, the logistics service level, and the order quantity of the retailer increase while the maximum order quantity of the retailer and the wholesale price of the manufacturer decrease.
Proof. Based on inequality (18), we can obtain the following derivatives: 
Proposition 3 shows that if an improvement in the 3PL's unit logistics service level can increase the order quantity of the retailer, then the 3PL will increase the logistics service level to increase his/her profit, and the logistics service price will increase. Although the improvement of the logistics service level will increase the maximum order quantity of the retailer, the increase of the logistic price will reduce it. The combined effect leads to a reduction in the maximum order quantity of the retailer, which causes the manufacturer to reduce the wholesale prices to prevent a reduction in the final order quantity. Therefore, the manufacturer will reduce the wholesale prices. The increase in the optimal order quantity caused by the reduction in the wholesale prices and the improvement of the logistics service level can make up for its reduction caused by the reduction in the maximum order quantity and the increase of the logistics price. Therefore, the final order quantity of the retailer is also reduced. In reality, if we heighten the logistics service level, then the transportation time for perishable goods such as fresh fruit will be shortened, which will keep the goods fresh, and the order quantity of the retailer will increase. Therefore, if customers are more sensitive to the logistics service level, the 3PL is willing to pay more to improve that level.
Proposition 4.
With an increase in , the wholesale price of the manufacturer decreases, the logistics service price, the logistics service level, the order quantity, and maximum order quantity of the retailer increase. The retailer can then effectively control the wholesale price of the manufacturer through .
Proof. Based on inequality (18) and 4 − 2 > 0, we can obtain the following derivatives: * 
Proposition 4 shows that if the manufacturer increases the unit product's wholesale price, the retailer declines more order quantity. Threatened by the order quantity reduction of the retailer, the manufacturers will reduce the wholesale price. The retailer will then increase the maximum order quantity, which gives the 3PL a chance to increase the logistics service price. The 3PL can increase the logistics service price, which will improve the logistics service level but keep the order quantity steady. The improvement in the logistics service level will also encourage the retailer to provide a higher order quantity. Therefore, the 3PL's logistics service price and level will increase. The increase in the optimal order quantity caused by the reduction in wholesale prices, the improvement of the logistics service level, and the increase in the maximum order quantity can make up for retailer's order quantity reduction caused by the increase in the logistics cost. Therefore, the final order quantity of the retailer also increases. This shows that, with an increase in , when the manufacturer increases the wholesale price, the order quantity of the retailer will decline. In order to refrain the retailer from reducing the order quantity greatly, the manufacturer will reduce the wholesale price. Thus, the retailer can effectively control the wholesale price with and prevent the manufacturer from raising the price. The increase in the order quantity's sensitivity to the wholesale price also strengthens the retailer's control over the manufacturer. In order to maximize their own profits, the retailer has to increase the maximum order quantity. However, the increase in the maximum order quantity and the decrease in the wholesale price increase the order quantity of the retailer, so the 3PL has room for price increase. That is, the 3PL can improve the partial price but cannot cause a reduction in the order quantity of the retailer, which is most favorable for the 3PL. On one hand, the retailer can receive the benefits of the price increase. On the other hand, it also can receive the benefits of partial order quantity brought by the reduction in wholesale prices. In addition, the improvement of the logistics service level caused by the increase in logistics service price will increase the order quantity of the retailer. Although the increase in the logistics service price of the 3PL would normally reduce the order quantity of the retailer, the improvement of the 3PL's logistics service level and the increase of the maximum order quantity increase the order quantity of the retailer. The combined effect of the manufacturer's and the 3PL's decisions make the final order quantity of the retailer increase.
Proposition 5.
With an increase in , the logistics service price and level of the 3PL decline, and the wholesale price of the manufacturer and the maximum order quantity increase. If > 2 or < 2 and > 2 /2 , then the retailer's order quantity increases. If < 2 and 2 /4 < < 2 /2 , then the retailer's order quantity decreases. Thus, the retailer can effectively control the logistics service price of the 3PL through .
So, if 2 − 2 > 0 (i.e., > 2 /2 ), then * / > 0; if 2 − 2 < 0 (i.e., < 2 /2 ), then * / < 0. For 4 − 2 > 0, if > 2 , then > 2 /4 > 2 /2 , * / > 0; when < 2 , if 2 /4 < < 2 /2 , then * / < 0, and if > 2 /2 , then * / > 0.
Proposition 5 shows that if the 3PL increases the unit product's logistics service price, it will decrease more the order quantity of the retailer. Threatened by the retailer's lower order quantity, the 3PL will reduce the logistics service price, and the logistics service level will also decrease. At the same time, the wholesale price of the manufacturer and the maximum order quantity of the retailer will increase. The change in the order quantity is determined by , , , and the investment cost. If > 2 , i.e., the sensitivity of the order quantity to the wholesale price is twice greater than its sensitivity to the logistics service price, then the order quantity of the retailer increases. When < 2 , the change of retailer's order quantity depends on the investment cost. If the investment cost is relatively large (i.e., > 2 /2 ), then the order quantity also increases; if the investment cost is relatively small (i.e., 2 /4 < < 2 /2 ), then the order quantity will decline. This shows that, with an increase in , when the 3PL increases the unit product's logistics service price, the order quantity of the retailer will be further reduced. To prevent large reductions in the retail order quantity, the 3PL will reduce the logistics service price, and the logistics service level will also decline. Thus, the retailer can effectively control the 3PL's logistics service price with and prevent the 3PL from raising the price, but at the same time, it will reduce the logistics service level. The increase in sensitivity of the order quantity to the wholesale price also strengthens the retailer's control over the 3PL. In order to maximize his/her own profits, the retailer has to increase the maximum order quantity. However, the increase in the maximum order quantity and the decrease in the 3PL's logistics service price give the manufacturer a chance to increase the wholesale price. The manufacturer can increase the partial price without causing a reduction in the order quantity, which is the most favorable for the manufacturer. On one hand, the manufacturer can benefit from the price increase. On the other hand, it can benefit from the increase in the partial order quantity brought by the reduction of the logistics service price and the improvement in the logistics service level. Although the increase in the wholesale price and the decrease in the logistics service level would normally reduce the retailer's order quantity, the reduction in the logistics service price and the increase in the maximum order quantity increase the order quantity. Finally, their combined effect leads to an increase in the retailer's order quantity. When the sensitivity of the order quantity to the wholesale price is twice greater than the sensitivity of the order quantity to the logistics service price, the retailer's control over the logistics service price is relatively small. With an increase in to increase the order quantity, the logistics service price will decrease greatly. The increase in the order quantity caused by the reduction in the logistics service price and the increase in the maximum order quantity can make up for its reduction caused by the increase in the wholesale price and the decrease in the logistics service level. Therefore, the final order quantity of the retailer also increases. When the sensitivity of the order quantity to the wholesale price is twice smaller than the sensitivity of the order quantity to the logistics service price, i.e., < 2 , then with an increase in to increase the order quantity, the logistics service price will decrease slightly. If the investment cost is relatively high, i.e., > 2 /2 , the cost of improving logistics service level will be high; thus the 3PL will decrease logistics service level greatly, which will lead to a great decrease of the logistics service price. The combination of the manufacturer and the 3PL's decisions will make the final order quantity of the retailer increase. If the investment cost is relatively low, i.e. 2 /4 < < 2 /2 , thus the 3PL will decrease logistics service level slightly, which will lead to slight decrease of logistics service price. The combination of the manufacturer and the 3PL's decisions will then cause the final order quantity of the retailer to decline. Proposition 6. With an increase in , the maximum order quantity, the optimal order quantity, the wholesale price, and the logistics service price and level will increase or decrease at the same time.
Proof. If we suppose that 1 = ((( − 2 − 2 − 2 ) − 4 ) − 8 ) + 2 2 , based on 4 − 2 > 0,we can obtain the following derivatives:
If 1 > 0, i.e., > ( − 2 − 2 − 2 ) /(2 + 2(4 − 2 )), then * 0 / < 0, * / < 0, * / < 0, * / < 0; if 1 < 0, i.e., < ( − 2 − 2 − 2 ) /(2 + 2(4 − 2 )), then * 0 / > 0, * / > 0, * / > 0, * / > 0.
Proposition 6 shows that the supply chain members move in the same direction as the market demand fluctuates. That is, no matter how the market fluctuates, the maximum order quantity, the optimal order quantity, the wholesale price, and the logistics service price and level will increase or decrease at the same time.
When < 2( + + ), i.e., the retail price is two times less than the variable total cost of the system, the selling price is relatively low. Because > 0, then > ( − 2 − 2 − 2 ) /(2 + 2(4 − 2 )). is the average rate of the market demand, and it is positive. At this point, although the average market demand is higher, the unit product's profit for the retailer is lower. With an increase in the market volatility, the retailer's selling risk will increase; thus the lower profits will reduce the maximum order quantity of the retailer. In order to refrain the retailer from reducing the order quantity greatly, the manufacturer and the 3PL will reduce their prices. The logistics service level is also reduced. Although the 3PL and the manufacturers reduce prices to keep the order quantity, the final order of the retailer will be reduced due to the reduction of the logistics service level and the maximum order quantity.
When > 2( + + ), i.e., the retail price is two times the total cost of the system, the sales price is relatively high. The maximum order quantity, the optimal order quantity, the wholesale price, and the logistics service price and level will increase or decrease simultaneously, which depends on the average market demand.
If > ( − 2 − 2 − 2 ) /(2 + 2(4 − 2 )), the average market demand is relatively large, and the retailer's profit is relatively high. The increase in the market volatility increases the retailer's sales risk, even though the higher unit product's profit still cannot offset the loss caused by the sales risk, so the retailer will still reduce the maximum order quantity. In the same way, the 3PL and the manufacturer will reduce their prices, and the 3PL's logistics service level and the retailer's final order quantity will also decline. If < ( − 2 − 2 − 2 ) /(2 + 2(4 − 2 )), the average market demand is relatively small, but the retailer's profit is relatively high. In this situation, relative to the original smaller market demand, the increase in the market volatility will give the retailer an opportunity to sell more products. Because the original market demand is already very small, there is less room for market demand reduction and more room for market demand to increase. Therefore, relative to the loss caused by the decrease of demand, the increase of demand will bring more profits to the retailer. Finally, the retailer will raise the maximum order quantity. At this time, the manufacturer and the 3PL do not need to reduce their prices to maintain the retailer' order quantity. In order to maximize their own profits, the manufacturer and the 3PL will increase their own prices, but they will not reduce the final order quantity below the original quantity, so the 3PL's logistics service level and the final order quantity of the retailer also increase.
In summary, the risk appetite of the supply chain members depends on the retailer's unit product's profit level and the size of the market demand. It is not dependent on the logistics service investment cost. When the retailer's unit product's profit is lower (that is, the selling price is lower than twice of the system cost) or the retailer's unit product's profit is higher (that is, the selling price is higher than twice of the system cost) and the market demand is higher, the retailer's order quantity, the wholesale price of the manufacturer, the logistics service price, and the service level of the 3PL decrease. However, only when the retailer's unit product's profit is higher (that is, the selling price is higher than twice the system cost) and the market demand is higher do all the decisions increase.
Numerical Illustration
In the logistics outsourcing business, the logistics service investment cost and the sensitivity coefficient of the order quantity to the logistics service level have a great influence on the 3PL's decision. At the same time, the sensitivity coefficient of the order quantity to the wholesale price, the sensitivity coefficient of the order quantity to the logistics service price, and the market risk are particularly important for the profit of the supply chain members. To further illustrate the impact of , , , , and on the decisions and profit of supply chain members, this section provides a numerical example.
The parameters are given as = 4, = 2, = 3, = 40, = 100, = 100, and = 25. The market demand meets the uniform distribution of [100, 300], so 1 = 100, 2 = 300, = ( 1 + 2 )/2 = 200, and = √ ( 2 − 1 ) 2 /12 = 100 √ 3/3. Given that the other parameters are constant, we investigate changes in the decisions and profits of the supply chain members when , , , , and change, respectively. Because the effects of the parameters above on the decisions of the supply chain members have been analyzed in the previous part, the discrete point set form-tables are used to represent the decision changes of the supply chain members. To better illustrate the effects of the parameter changes on the supply chain members' equilibrium profits, continuous graphic form-figures are used.
Changes in Equilibrium Decisions and Profits with the Sensitivity Coefficient .
With all other parameters held equal, we first investigate how the equilibrium decisions and profit of all supply chain members respond to changes in the investment cost coefficient of logistics service. Table 1 indicates that when the investment cost coefficient increases, the logistics service price and level of the 3PL decrease. The order quantity of the retailer also decreases the wholesale price of the manufacturer and the maximum order quantity of the retailer increases. All these results are in line with Proposition 2. As shown in Figure 2 , when increases, the retailer's profit decreases while the 3PL's and the manufacturer's profits both increase. This is because although the reduction in the logistics service price and the order quantity decreases profit of 3PL, the profit increased by the reduction of the logistics investment cost compensates for the profit loss caused by the reduction of the logistics service price and the order quantity. Therefore, the 3PL's final profit increases. The increase in the wholesale price causes the manufacturer's profit to increase while the decrease in the order quantity causes the manufacturer's profit to decrease. By increasing the wholesale price, the increase in the manufacturer's profit can compensate for the loss of profit caused by the reduction in the order quantity. Thus, the final profit of the manufacturer also increases. For the retailer, although the reduction in the logistics service price reduces his/her cost, the increase in the wholesale price increases his/her cost burden and the decrease in the order quantity decreases the profit. Since the profit increase brought by the decrease of the logistics service price cannot compensate for the loss caused by the increase of the wholesale price and the decrease of the order quantity, the final profit of the retailer decreases.
Changes in Equilibrium Decisions and Profit with the Sensitivity Coefficient .
Again, assuming that all other parameters hold equal, we examine how the equilibrium decisions and profits of all supply chain members respond to a change in the sensitivity coefficient . As we can see in Table 2 , when the sensitivity coefficient increases, the logistics service price, the logistics service level of the 3PL, and the retailer's order quantity increase while the wholesale price of the manufacturer and the maximum order quantity decline. All these results are in line with Proposition 3. As can be seen in Figure 3 , with an increase in the sensitivity coefficient , the retailer's profit increases while the 3PL's and the manufacturer's profits decrease. This is because the increased profit brought by the rise of the logistics service price and the order quantity cannot make up for the loss in profits caused by the increase in the logistics service level. Therefore, the 3PL's final profit decreases. For the manufacturer, the increased profit brought by the increase in wholesale price cannot make up for the loss of profit caused by the decreased order quantity. Therefore, the manufacturer's final profit also decreases. For the retailer, although the increased logistics service price raises his/her cost burden, the decreased wholesale price and the increased order quantity raise his/her profit. The profit brought by the decreased wholesale price and the increased order quantity make up for the loss caused by the increased logistics service price. Thus, the retailer's final profit increases.
Changes in Equilibrium Decisions and Profits with the Sensitivity Coefficient .
Holding other parameters equal, we now examine how the equilibrium decisions and profit of all supply chain members respond to changes in the sensitivity coefficient . As we can see in Table 3 , when the sensitivity coefficient increases, the wholesale price of the manufacturer decreases, and the 3PL's logistics service price and level, the retailer's maximum order quantity, and order quantity increase. All these results are in line with Proposition 4. Furthermore, as we can see in Figure 4 , when the sensitivity coefficient increases, the manufacturer's profit decreases while the profits of the 3PL and the retailer increase. Table 3 shows that an increase in the sensitivity coefficient leads the logistics service price of the 3PL to increase and the wholesale price of the manufacturer to decrease. However, the increased value of the logistics service price is smaller than the decreased value of the wholesale price. For example, when increases from 100 to 110, the manufacturer's wholesale price decreases by 7.06-6.81=0.25, while the logistics service price increases by 4.06-4.04=0.02. Therefore, the retailer's purchase cost declines, more importantly, the order quantity also increases, and the profit of the retailer rises. For the manufacturer, the profit brought by the increased order quantity is not enough to compensate for the loss caused by the decreased wholesale price; thus the profit of the manufacturer declines.
For the 3PL, the profit brought by the increased order quantity and logistics service price is enough to compensate for the loss caused by the increased logistics service level, which means that the profit of the 3PL increases. The retailer can therefore effectively prevent manufacturers from raising price by increasing the value of and increasing their own profit. This constraint on the manufacturer is conducive to improving the profit of the 3PL.
Changes in Equilibrium Decisions and Profit in Relation to
the Sensitivity Coefficient . Again, holding other parameters equal, we investigate how the equilibrium decisions and profit of all supply chain members respond to changes in the sensitivity coefficient . According to our hypothesis above, when the sensitivity coefficient increases from 100 to 150, it will always meet the conditions < 2 and = 25 > 2 /2 = 25/2. According to Proposition 5, when the sensitivity coefficient increases, the logistics service price and level of the 3PL decrease while the manufacturer's wholesale price and the retailer's order quantity increase. This theoretical result is supported by our numerical illustration in Table 4 . In Figure 5 , we can further observe that, with an increase in the sensitivity coefficient , the profits of the retailer and the manufacturer increase while the profit of the 3PL decreases. This happens because for the manufacturer, the increased order quantity and decreased wholesale price both cause his/her profit to increase. Thus, the manufacturer's profit increases. For the retailer, the profit brought by the increased order quantity and the decreased logistics service price can offset the loss caused by the increased wholesale price, which finally leads to an increase in profit for the retailer. For the 3PL, the profit brought by the increased order quantity and the decreased logistics service level cannot offset the loss caused by the decreased logistics service price; thus the profit of the 3PL declines. This shows that the retailer can effectively push the 3PL to reduce his/her prices by raising the value of . 
Changes in Equilibrium Decisions and Profits in Relation
to the Market Risk . Holding other parameters equal, we finally examine how the equilibrium decisions and profit of all supply chain members respond to changes in the market risk . The larger the value of , the greater the demand volatility and the risk. As shown in Table 5 , when increases, the maximum order quantity, the optimal order quantity, the wholesale price of the manufacturer, the logistics service price, and service level of the 3PL all increase. These results are fully in line with Proposition 6. This shows that when the market risk increases, all supply chain members tend to be risk seeker when making decisions. Figure 6 graphically shows that when the market risk increases, the profit of the retailer decreases while the profits of the 3PL and the manufacturer increase. This is due to the following reason: for the 3PL, although the increased logistics service level increases the logistics investment cost, the profit brought by the increased logistics service price and order quantity can compensate for the loss caused by the increased logistics service level. Therefore, the profit of the 3PL increases. For the manufacturer, the increased wholesale price and order quantity cause the manufacturer's final profit to increase. For the retailer, profit increased by the raising quantity cannot offset the loss caused by the increased wholesale price and logistics service price. Thus, the retailer's profits will decline in the end.
Conclusions
In this paper, we introduce the logistics service level into a supply chain decision model to determine its stochastic demand in a system with a dominant retailer. Using game theory, we obtain the optimal equilibrium decisions of the manufacturer, the 3PL, and the retailer. In addition, we examine the effect of various sensitivity coefficients on the equilibrium decisions of all supply chain members.
Extant research has shown that a lower investment cost coefficient aimed at improving the logistics service level or a higher sensitivity of the order quantity to the logistics service level will effectively improve it and increase the profit of the retailer. Moreover, the retailer can effectively reduce the 3PL's and the manufacturer's prices by adjusting the sensitivity coefficient. The risk preference of the supply chain members depends not only on the retailer's pricing, but also on the market demand. Due to the retailer's dominant position, his/her profit is always greater than that of other supply chain members.
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Complexity
In practice, the concentration of the retail industry continues to improve as more and more retail companies become dominant in the supply chain. Simultaneously, a large number of professional third-party logistics companies (3PL) are rapidly developing with the increasing consumer demands on the logistics service level. There are many cases of logistics outsourcing in the retail industry. The research findings of this paper provide decision-making advice for retailers, manufacturers, and 3PL in a scenario with dominant retailer and logistics outsourcing. At the same time, these research findings also provide a basis for these companies to respond to market changes and forecast market trends and answer some of the questions they might have. For example, for the 3PL, under what conditions is it beneficial to invest in improving logistics service level and should it be invested in? For the retailer, how can one use his/her dominant position to reduce the logistics price and the wholesale price, promote 3PL to improve the logistics level, and increase the final profit? For the manufacturer, how should the optimal wholesale price be set according to the retailer's ordering strategy to maximize profits? For all supply chain members, how should their decision-making processes be adjusted to increase their profits when the market changes? All these answers can be obtained from the research findings of this paper.
The conclusions drawn in this paper are based on symmetric information, and we assume that most of the information is private. In future research, it would be interesting to explore the supply chain members' decision-making under asymmetric information that considers the logistics service level in this area. Furthermore, we have assumed a uniform distribution of the market demand, even though the distribution of the market demand is likely nonuniform in reality. Thus, another venue for future research could be the decision of the supply chain members under a different market demand distribution of the logistics service level so that it is more realistic and provides a better theoretical basis for practical applications of supply chain management.
